The institutions of the Dutch (urban) planning system face four challenging characteristics of climate adaptation measures. These measures are uncertain in their effects, in competition with other interests, multifaceted, and inherently complex. Capacity building is a key issue for the implementation of climate adaptation measures in urban planning processes, which aim to achieve Climate-Proof Cities (CPC). For successful capacity building, it is important to define the relevant stakeholders and tailor the adaptation strategies first to (the position of) these stakeholders and next to the specific urban conditions and issues. In addition, scientific insights and tools can be of assistance, and the use of climate maps can help to create a common language. Such common understanding of climate problems can lead to "goal entwinement" between actors, which can support the implementation of climate adaptation strategies in urban planning. Awareness, recognition and urgency are the most important components of this common understanding, which may differ for each stage in every urban planning process. In order to overcome the pragmatism that rules in day-to-day urban planning processes, multi-level arrangements between different tiers of government must be employed to improve the penetration of climate adaptation measures. After all, it still remains a soft interest in a hard process.
Introduction
Throughout the world, cities in delta areas must deal with the effects of climate change. Over time, in the Nether-T. Hartmann, T. Spit 246 lands, the awareness and the sense of urgency for climate adaptation have grown. The latter can easily be understood when one considers that the Dutch authorities have to deal with rising sea levels as well as rising river discharges. Heavy rainfalls and rising ground water levels are also matters of concern. Therefore, water threatens Dutch cities from multiple sides. Of course, other effects of climate change include heavy winds and urban heat islands, but these seem less important within the Dutch context, where water is clearly the dominant issue, as most of the country lies below sea level. Dutch local governments have only recently started to explore the possibilities of coping with the effects of climate change in terms of adaptation in urban planning. In this vein, the Climate-Proof City Programme (CPC) has been launched. The types of adaptation planned in this program anticipate climate changes that can already be observed; the adaptations include different kinds of structural measures, such as adjustments in urban design, temporal water storages etc. [1] .
In this contribution, we explore the possibilities of integrating climate adaptation measures in urban planning processes in the Netherlands.
The results are based on the early experiences of some of the larger municipalities in the Netherlands that participate in the Knowledge for Climate research programme (KFC). These municipalities are Amsterdam, Rotterdam, The Hague and Arnhem. Practical experience in integrating climate adaptation measures is rather new, and it is mainly limited (until now) to policy making and small technical adjustments, as examples in Rotterdam and Amsterdam have shown [1] [2] . Therefore, the analysis remains mostly theoretical and explorative. Also, as the debate on this integration is rather fierce, we intend to shed some light on the dilemmas that are revealed by this debate, as we expect that similar dilemmas will emerge throughout the world.
The very subject of climate change brings along with it specific challenges. These challenges, related to climate adaptation, are identified in the next section. Because these challenges are dealt with at the local level, a short outline of the institutional background of Dutch urban planning follows to aid the reader's understanding of the context of the challenges. Next, a sketch of the dilemmas related to climate adaptation in the context of urban planning will be presented. Finally, a three-stage procedure for facing these dilemmas will be proposed that leads to capacity building for the integration of climate adaptation into urban planning processes.
Challenges of Climate Adaptation
Research within the KFC and CPC identified many types of challenges that planning systems and planning processes face when attempting to implement climate adaptation measures. Van Buuren et al. defined four types of such challenges [3] .
Specific Uncertainties
The first type of challenge is that the planning system has to deal with the uncertainties that come along with the issue of climate change. Although knowledge about climate change (see the IPCC reports) and its effects is increasing [3] - [6] , much uncertainty remains regarding the degree, the time, and the manner in which climate change will affect local communities. This uncertainty can result in indecisiveness and hesitation [7] . Responding to this uncertainty is thus crucial for climate-proof cities.
Competing Issues
The second challenge comes from the competition of climate change with other interests, particularly in spatial planning. Within local spatial planning processes, the issue of climate adaptation has to compete with other interests. Additionally, some sort of cost-benefit balance must always be taken into account. As climate adaptation measures mostly require a long-term horizon, they can quickly transform into a so-called weak interest in local decision-making processes. A good example for such measures can be found in the way the municipality of Arnhem is trying to incorporate climate-proof strategies and measures (e.g. to cope with an abundance of rainwater) into its municipal structure plan [8] . It would be misguided to blame spatial planning; rather, balancing various spatial issues-whether they be long-or short-term issues-is an inherent feature and task of planning. Planners may not overestimate or underrate certain spatial demands [9] - [11] . But the fact that climate measures are both controversial and a weak interest demands that they be given particular attention in planning decisions.
Multifaceted Character
The third challenge is the multifaceted character of climate adaptation. As climate change can result in dry pe-riods as well as extremely wet periods, the opposite sides of the same coin have to be addressed. This situation can be seen in Australian experiences, where changing climate has already led to more dry periods with bush fires on the one hand and to more severe flooding on the other hand. Also, in Central Europe, opposite extremes in the effects of climate change have been seen: while 2002 witnessed an extreme flood, 2003 saw the navigability of the Rhine river threatened due to a drought. On the city level, this multifaceted characteristic of climate change requires measures preparing for vastly different situations-this makes implementing adaptation measures more complex, varying in application from urban heat island problems to flooding problems as a result of heavy rainfall. This means that the effects of certain measures might have unforeseen and probably contradictory results. Climate adaptation can thus become a "wicked problem" [12] because the solution to one problem might be the cause of another problem. Since climate change tends to connect to many other domains and functions, it is not hard to imagine its far-reaching effects on a local level.
So, three challenges rise from implementing climate adaptation measures: the measures are uncertain in their effect, in competition with other interests, and multifaceted. Coping with these challenges is crucial for successfully pursuing the ideal of climate-proof cities.
The Institutional Framework: Integrating Climate Change Adaptation into Urban Planning in the Netherlands
What does climate adaptation mean for urban planning at the local level? To facilitate understanding of the impact of climate change on the underlying planning paradigm, this section briefly recaps the development of urban planning in the Netherlands over the past decades before addressing how the three challenges mentioned above can be dealt with in Dutch urban planning.
In the Netherlands, from the 1920s onwards, there has been a growing concern that urban expansion would engulf the whole western part of the Netherlands, forming one huge conurbation [13] . In reality, this was never a serious threat until the 1960s. Then, a major wave of suburbanization threatened to spread pockets of urban land use across the Green Heart [14] . From the late sixties onwards, social circumstances began to change. In this period, pressures from different interest groups succeeded more and more in convincing the authorities to focus attention on predominantly social objectives in urban policy. The development, as described above, was mirrored in planning documents from the central government. The Second Report on Physical Planning in the Netherlands [15] , for example, included a proposal to divert populations from the crowded western part of the country to the north and south. But it also took a powerful stand against the suburban sprawl that was developing into a real threat, particularly in the Green Heart [14] . The proposed alternative was to channel suburbanization into "concentrated deconcentration". More specifically, this meant accommodating new urban growth outside of the existing cities in a number of designated overspill centres. Jenks et al. [16] described this policy as a feasible compromise between concentration and low-density dispersal of urban activities. In Randstad, Holland, it was put into practice in the late 1970s and the early 1980s. Compact urban development has remained the cornerstone of Dutch physical planning ever since. In the view of Faludi and van der Valk [13] , the policy of concentrated deconcentration was successful; half a million people moved into the designated growth centres, and urban sprawl was stemmed by prohibiting the growth of villages in the Green Heart.
In the course of the 1980s, the policy of compact urban development changed track. The main cause of the shift was the decline of the old urban cores. Concern about urban decay was first voiced by the cities' administrations. Later the issue was placed on the national political agenda [17] . City officials blamed inner city decline, in part, on the policy of concentrated deconcentration. Eventually, this policy was abolished. In its place, a new concept of compact urban growth has been developed and put into practice. Under this new policy, the government tries to guide new urban (re)development towards locations within existing cities (towards "brown" sites) and later on towards new greenfield sites directly adjacent to the cities of Amsterdam, Rotterdam, The Hague, and Utrecht. Within a ten-year period, a total of some 227,200 dwellings should be built on these sites in a relatively compact form. In addition, places of work and service premises will also be built [18] .
This short recapitalization of Dutch urban planning illustrates, against the background of the issue of climate change, the intense shift in urban planning, namely, the shift from a brand of urban planning focused on economic growth towards a more sustainable approach.
In the course of developing the ideal for compact urban growth, a heated debate on the merits, feasibility, and costs of such growth has started throughout administrative and policy circles. The arguments used are reminiscent of those brought forward in the international literature on urbanization processes [19] . The debate shows that the implementation of urban development will not be an easy task, even if a broad consensus on its merits exists [16] . Within these urbanization processes, the Dutch governance approach already tries to balance too many interests, and the introduction of the need to adapt to the effects of climate change further complicates an already very complex decision-making process.
Dilemmas of Integrating Climate Adaptation
Based upon the earlier-mentioned challenges, it is possible to identify four dilemmas of integrating climate adaptation measures in urban planning processes. These dilemmas are addressed below.
Dilemma of the Law: Flexibility versus Robustness
Together, the three previously discussed challenges seem to demand flexibility, learning, and experiments from a governance approach [20] [21] . Some even propose flexible coalitions between all kinds of societal actors [22] [23] or bottom-up processes of self-organization aimed to increase the resilience of a local community towards climate change [24] . Such approaches, however, largely neglect issues like legal responsibility, liability and legal security, which are essential for a functioning spatial development [25] [26]. Adaptation to climate change demands not only flexibility but also robustness and reliability of spatial planning decisions [2] because planning processes must always strike a balance between the desire to change the built environment and the obligation to support legal certainty for those who have possessions in that particular area [25] . Impacts of climate change are always locally measured and tackled and therefore have to be locally tailor-made [27] , responding to the institutional arrangements of the local urban planning system. Hence, in order to be effective and balance flexibility and robustness, adaptation needs to match the institutional arrangements for planning and fit into the local planning processes [1] . Accordingly, in order to deal with the challenges of climate adaptation, the planning system needs a legal system that is firmly rooted in broadly accepted values as well as flexibility to adjust to local circumstances. This can be considered the backbone of the governance approach needed to adapt to climate change. It, more or less, guarantees continuity and legal certainty in otherwise unpredictable processes. It must guarantee a minimum quality and cannot be too detailed. In the latter respect, the Dutch system does not fit this requirement because the detailed legal system sets limits to the much-needed flexibility in urban planning.
Dilemma of Applying Principles of Decision-Making to Climate Adaptation Measures
In the implementation of climate adaptation measures, three principles of decision-making must be considered: the precautionary principle, the proportionality principle, and the cost recovery principle [2] .
The precautionary principle applies for situations that are difficult to grasp or calculate and for which negative effects of an acuity or event are likely but not yet sufficiently proven by scientific evidence. In such situations, the principle demands that decision makers may not defer measures that avert or reduce the potential damage on the basis of insufficient evidence [28] [29] . Their decision is thus based on discretion rather than measurable facts [29] . This principle, however, requires that the issues at stake are on the agenda of decision makers and, moreover, "that this agenda has a high priority" [28] . The precautionary principle is applied in many international treaties, but it can also be found in Dutch law [29] .
The proportionality principle also gives a guideline for deciding specific measures. Measures need to match three requirements: they must be suitable to protect the interest at stake (there needs to be a causal relationship), they must be the least restrictive choice (compared to alternatives), and "the restriction caused by the measure must not be out of proportion to the objective pursued" [30] . This, of course, competes with the three challenges earlier mentioned, in particular the first two: the uncertainty of the effects measures may have and their competing character.
Third, the cost recovery principle implies that all costs of a measure need to be covered by one form of revenue. In environmental issues (climate adaptation can be considered as such), the "polluter pays principle" is applicable as cost recovery. It fulfils an informational, steering, and financing function [31] . The difficulty with climate adaptation is that the polluter often cannot be clearly identified. Even the beneficiary of climate adapta-tion measures is not always evident, which is a consequence of the multifaceted character of climate adaptation.
So, each of these principles plays an important role in every decision-making process about adaptation towards climate. Ideally, these principles should play a fairly equal role in each planning process. However, as shown above, these principles all have difficulties associated with them that affect how challenges of climate change should be approached.
Dilemma of Technical Safety Standards: Protection versus Moral Hazard
While the above principles can be applied to climate adaptation, most of them also sustain technical safety standards (such as design levels for flood protection), as these are the best justifiable solutions according to the precautionary principle, the principle of proportionality, and the cost recovery principle.
Generally, it will be expected that the use of such standards will raise the general physical quality of an area. Yet, the use of norms is in conflict with the need for flexibility in specific local circumstances. Especially in situations of uncertainty and complexity, flexibility in planning rules and norms is essential [32] .
The dilemma with technical safety standards is the following: such standards are politically approved and very common in environmental policy, for example, in the European Water Framework Directive or the European Air Quality Directive, but they are also common in flood risk management [33] . These standards are essential for building structures like levees, measuring dams and polders, sizing drainage systems, or drawing flood risk maps [34] . A safety standard determines the maximum impact on the subject of protection, such as the maximal reasonable pollution or damage. However, reasonable impact events also need to be determined. In this context, "reasonable" means that the severity of an event must not exceed a determined impact on the values. This indicates that the technical measure would have to protect against rare but heavy events while also tolerating frequent smaller events. Most real-world applications, however, fall short of this idea. Often, technical measures protect against small and frequent events and fail against infrequent and heavy events. This can be seen in the use of dikes against flooding [33] or the famous Dutch barriers, the "Deltaworks", against storm floods. Moreover, security cannot be guaranteed by technical safety standards, but they provide the illusion of security [35] . Such technical safety standards provoke additional value accumulation, because people feel safe behind them and become complacent [36] - [38] . In environmental research, this dilemma is called a moral hazard [28] [39].
Dilemma of Science and Knowledge: Facts versus Social Constructions
Scientific information might seem to play a role in unraveling the complexity of applying climate adaptation measures. Yet, research shows that scientific information in general (including GIS tools) is not easily incorporated into planning processes [40] [41] . This applies even more so for information about the effects of climate change. Ren et al. [8] concluded from their study on the Dutch city of Arnhem, "The existing gap between the practical world of spatial planning and the scientific world of climate studies will never be closed. The tool remains just a fragile bridge to cover a huge gap".
To bridge the gap Ren described, the earlier-identified challenges must be met [8] . It is necessary to organize the support of the different actors that have a stake in the adaptation process towards climate change. A first requisite is the use of a common knowledge base. Without an agreement between the relevant actors as to the basic analysis of the common problems that must be addressed, there is no chance of a (common) solution. The information from the analysis of urban climate maps can provide not only this knowledge, but it can also provide a common "language" about the effects of climate change. If the relevant actors agree upon language and analysis, the necessary basis is created for common solutions-although these requirements do not necessarily and automatically lead to consensual solutions [42] .
Capacity Building in a Three-Stage Procedure
The key question that remains is how to organize these solutions. The section above identified four dilemmas: First, coping with the requirement for flexible governance schemes on the one hand while also providing legal security for the implementation of measures on the other hand; second, applying principles of decision-making to climate adaptation; third, managing technical quality standards on the one hand and avoiding their moral hazards on the other hand; and fourth, balancing measurable knowledge with a socially constructed common un-derstanding of the problem.
This leads to the next question: How can public and private actors be mobilized in order to develop such an adaptation strategy?
It is important to realize that a new adaptation strategy has to be integrated into an existing (and functioning) urban planning system. A strategy, firmly supported by a common understanding of the effects of climate change, starts with building common ground, which can function as a basis for the development of "goal entwinement" [1] . This can be understood as capacity building. The core characteristic of goal entwinement is the acceptance of differences between actors [43] . This acceptance provides a basis for a cooperative attitude between actors and the creation of opportunities, for example, sharing costs and resources in the case of an integrated design for area development. In fact, the introduction of climate-proof elements can provide benefits for public actors as well as for private actors because it can easily be embedded as replacement investments in day-to-day issues in urban planning, such as maintenance issues [1] . Thus, not only the urban quality improves, but also the value of the real estate involved may increase. The latter implies not only a positive incentive for the owner, but also for municipalities as it may result in higher revenue from the property taxation [44] . So, this acceptance might be able to prevent conflicts of interest.
Analytically, three stages can be distinguished in such a strategy: awareness, recognition, and urgency. The process always starts by generating an awareness of the problem. It is easy to see how the role of information and science fits into this stage. In Rotterdam, in the case of Feijenoord (an unembanked neighbourhood), the local government made the first step towards awareness by bringing public and private parties together in "expert meetings". In interviews, the participants stated they were satisfied with these meetings but that more steps should be taken [1] . The latter statement showed that recognition of the problem was around the corner but not yet reached. The same is true for a sense of urgency, although the ever-present threat of flooding in Feijenoord ensures a constant sense of urgency in this particular unembanked neighbourhood.
The stage of awareness must lead to recognition of the problem, as the case of Feijennoord shows. This recognition, in its turn, has to be translated into some sense of urgency. For, without recognition, the problem will be denied, and without some sense of urgency, there will be no need for policy actions. In both cases, nothing will happen. A common recognition of the problem in combination with a common sense of urgency are the basic conditions for a joint strategy that can bring about the adaptation towards climate change within urban planning processes.
In the third stage, a common strategy can be developed in which priorities are set, instruments developed, and investment schemes agreed upon. The case of Feijenoord showed the mutual dependency of market parties and local officials. Both perceived a shared responsibility towards climate change [1] . However, the Feijenoord case also showed that a hierarchical steering by public actors strengthened the dissatisfaction of market parties in this process. From a traditional water management perspective, this type of steering is understandable, because it refers to (legal) certainty and equality of rights, which is strongly embedded in water policy in the Netherlands. This third stage can, however, benefit significantly if the strategy is based upon the three principles mentioned above because, in that case, it is optimally tailored to the issues as well as to the governance context in which it has been developed. The case of Feijenoord shows that small, flexible measures in public space support growth in trust between public and private partners [1] , as do protective measures in vulnerable public areas. On the other hand, the same study shows that it seemed hard to gain trust through larger projects, such as the elevation of land.
Conclusions: Soft Interests in a Hard Process
Why is such a careful arrangement for adapting to climate change in urban planning necessary? One has to keep in mind that the relevant actors will first view the development of an adaptation strategy as no more than some form of external integrative interest that is eager to penetrate into the urban planning system, as so many sorts of interests do all the time. From this perspective, the attempt will trigger all the usual defense mechanisms. One may expect a lot of opposition to any attempt to start an adaptation strategy due to its more disagreeable characteristics [2] . Consequently, it will be interpreted as an extremely weak interest without an economic and/or financial position to back it up. Its long-term character and weak financial position will especially put any adaptation strategy in urban planning in this relatively weak position because relevant actors will first see the associated extra costs for an issue of lower priority.
However, if a carefully laid out strategy, organized in stages, is accompanied by support from higher tiers of government, this position can change significantly [45] . As ideological arguments (with a weak economic impact) work better on higher administrative levels of government, it should be possible to arrange support. As pragmatism rules the lower tiers of government, a lot of support is needed to overcome the existing (and new) barriers to make the adaptation towards climate change in urban planning a success. Although this road may appear a tedious one, it is nevertheless an exciting challenge in which both practitioners as well as scientists can play an important role.
